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Domain switching under an electric field has been recognized as a fundamental origin  
causing deterioration and failure of the properties for ferroelectric ceramics. It is, therefore,  
theoretically and practically important to study the failure mechanism and to improve the 
reliability of materials by understanding the domain switching behaviors under different 
loading conditions. In this work, the variations of the in-situ Raman and XRD spectra for 
lanthanum-doped lead zirconate titanate (PLZT) ceramics under the application of electric 
fields were investigated. The quantitative methods and related theories in analyzing the 
behaviors of domain switching and in correlating domain switching with the macroscopic 
polarization intensity were developed, with an effort to provide a fundamental basis for 
interpreting the nonlinear property, as well as the electric poling processes and the electric 
fatigue behaviors of ferroelectrics. 
Based upon the lattice dynamics theory, and further taking the effects of long-range 
electric fields associated with the polar vibrations into consideration, the relationship 
between the intensity ratios of the characteristic optical modes and the domain orientations 
was established. The parameter of ΔRmax was defined and its magnitude could be used to 
describe the extent of preferred domain orientations in a grain, which were further applied 
to study the electric poling processes and the electric fatigue behavior of PLZT ceramics. 
From the in-situ Raman spectroscopic results, the variations of the intensity ratio of Raman 
optical modes with the polarized direction of the laser beam were well reflected the effects 
of long-range electric fields. A significant change in the magnitude of ΔRmax was observed 
once an unpoled PLZT ceramics was subjected to an electric field over the coercive field, 
and the periodicity of the intensity ratio with 180° became more obviously. The magnitude 
of ΔRmax first went up slightly with the increase of poling electric fields, rise dramatically 
around the coercive field, and remained virtually unchanged afterwards. The behavior of 
ΔRmax was consistent with the variation in the piezoelectric constant as the increase in 
magnitude of the poling field. During the process of electric fatigue, both the magnitude of 
the remanent polarization and the ΔRmax of PLZT ceramics were gradually decreased with 















The in-situ XRD results under the application of electric fields indicated distinct 
variations in the intensities of diffraction peaks (002) and (200) with the different strengths 
and directions of electric field. The results also showed a significant reduction in the peak 
intensities after removal of the applied electric fields. In addition, the magnitude of 
remanent polarization was gradually decreased, and the hysteresis loops and the butterfly 
curves showing the 90° domain switching became less asymmetric with different cycle 
numbers. According to the quantitative analysis, it was found that the electric induced 90° 
domain switching occurred in PLZT ceramics under the electric fields, at the same time, 
the electric induced phase transition from tetragonal to monoclinic could happen. With 
both hypotheses that the dielectric constant of the polycrystalline ferroelectrics is affected 
by domain switching and the spontaneous polarization is proportional to the quantity of 
c-doamin on the specimen surface, a model that depicted the behavior of the microscopic 
polarization deduced from the variations in the intensities of XRD diffraction peak, I(002), 
was developed. The numerical simulation results showed that this model could describe the 
nonlinear behavior associated with domain switching for ferroelectrics under the cyclic 
electric fields.  
















摘  要 ............................................................................................................... I 
Abstract ......................................................................................................... III 
 
第一章   引言 ................................................................................................. 1 
1.1  铁电陶瓷材料的结构与性能 ............................................................................... 1 
1.1.1  微观结构 ..................................................................................................... 2 
1.1.2  宏观性能 ..................................................................................................... 3 
1.2  外场下畴变观测及研究现状 ............................................................................... 5 
1.2.1  非原位观测 ................................................................................................. 6 
1.2.2  原位观测 ..................................................................................................... 6 
1.2.3  小结 ........................................................................................................... 20 
1.3  目前研究存在的问题 ......................................................................................... 21 
1.4  研究意义和研究目标 ......................................................................................... 21 
1.5  研究内容 ............................................................................................................. 22 
1.6  创新点 ................................................................................................................. 23 
第二章   实验材料、仪器与方法 .............................................................. 24 
2.1  实验材料 ............................................................................................................. 24 
2.1.1  实验用铁电陶瓷材料 ............................................................................... 24 
2.1.2  传统固相法合成 PLZT 铁电陶瓷材料.................................................... 25 
2.2  实验仪器 ............................................................................................................. 26 
2.2.1  商用铁电\压电\热释电高压测试系统 ..................................................... 26 
2.2.2  自制的原位铁电测试仪和电加载系统 ................................................... 26 
2.2.3  介电温谱测试 ........................................................................................... 26 
2.2.4  扫描电子显微镜(SEM) ............................................................................ 27 
2.2.5  透射电子显微镜(TEM) ............................................................................ 27 















2.2.7  X 射线衍射仪(XRD) ................................................................................ 27 
2.2.8  拉曼光谱仪(Raman) ................................................................................. 28 
2.3  实验方法、步骤和装置 ..................................................................................... 28 
2.3.1  材料的晶体结构(XRD) ............................................................................ 28 
2.3.2  材料的显微结构和成分分析 ................................................................... 28 
2.3.3  材料的宏观性能 ....................................................................................... 28 
2.3.4  铁电陶瓷畴变的原位 XRD 观测............................................................. 30 
2.3.5  铁电陶瓷畴变的原位 Raman 观测 .......................................................... 33 
第三章   实验结果....................................................................................... 39 
3.1  试样的微观结构 ................................................................................................. 39 
3.2  试样的宏观性能 ................................................................................................. 42 
3.2.1  铁电性能 ................................................................................................... 42 
3.2.2  压电性能 ................................................................................................... 45 
3.2.3  介电温谱 ................................................................................................... 47 
3.3  铁电陶瓷畴变的原位 XRD 观测 ...................................................................... 47 
3.3.1  重复性实验 ............................................................................................... 47 
3.3.2  直流加载时间的确定 ............................................................................... 49 
3.3.3  外场作用下的原位 XRD 观测................................................................. 50 
3.3.4  本节小结 ................................................................................................... 62 
3.4  铁电陶瓷畴变的原位 Raman 观测................................................................... 62 
3.4.1  重复性实验 ............................................................................................... 63 
3.4.2  晶界的影响 ............................................................................................... 63 
3.4.3  周期旋转下的原位 Raman 观测 .............................................................. 64 
3.4.4  本节小结 ................................................................................................... 82 
第四章   铁电畴变行为的 Raman 光谱研究 ............................................ 83 
4.1  PZT 晶格振动模理论分析 ................................................................................ 83 
4.2  PZT 的 Raman 散射强度 .................................................................................. 89 
4.2.1  非极性晶格振动模 ................................................................................... 89 















4.2.3  峰强比与偏振方向的关系 ....................................................................... 92 
4.3  外场下的铁电畴变行为 ..................................................................................... 96 
4.3.1 铁电畴变量分析 ..................................................................................... 96 
4.3.2 直流电场下的铁电畴取向 ..................................................................... 97 
4.3.3 不同电场极化后的畴取向分布 ........................................................... 102 
4.3.4 电疲劳过程中的畴变行为 ................................................................... 107 
4.4  本章小结 ........................................................................................................... 110 
第五章   铁电畴变行为的 XRD 谱图研究.............................................. 111 
5.1  电致相变 ............................................................................................................111 
5.2  铁电畴变对宏观极化行为的影响 ................................................................... 120 
5.2.1  畴变对材料参数的影响 ......................................................................... 120 
5.2.2  铁电畴变导致的非线性效应 ................................................................. 122 
5.3  本章小结 ........................................................................................................... 126 
第六章   结论 ............................................................................................. 127 
第七章   未来研究及展望......................................................................... 129 
参考文献 ....................................................................................................... 130 
攻读博士期间发表论文情况....................................................................... 141 


















































Table of Contents 
 v
Table of Contents 
Abstract in Chinese ......................................................................................... I 
Abstract ......................................................................................................... III 
 
Chapter 1   Introduction.............................................................................. 1 
1.1  Structure and Properties of Ferroelectric Ceramics ........................................ 1 
1.1.1  Microstructure ............................................................................................. 2 
1.1.2  Macroscopic Properties ............................................................................... 3 
1.2  Observation and Present Status of Domain Switching under Loads.............. 5 
1.2.1  Ex-Situ Observation..................................................................................... 6 
1.2.2  In-Situ Observation...................................................................................... 6 
1.2.3  Brief Summary .......................................................................................... 20 
1.3  Problems in Current Research ......................................................................... 21 
1.4  Research Significance and Objectives ............................................................. 21 
1.5  Research Contents ............................................................................................. 22 
1.6  Research Originalities ....................................................................................... 23 
Chapter 2   Experimental Materials, Instruments and Methods .......... 24 
2.1  Experimental Materials .................................................................................... 24 
2.1.1  Ferroelectric Ceramics Specimens ............................................................ 24 
2.1.2  Ferroelectric Ceramics Synthesized by Solid Solution Reaction .............. 25 
2.2  Experimental Instruments................................................................................ 26 
2.2.1  Commercial Ferroelectric \ Piezoelectric Test System.............................. 26 
2.2.2  Home-made Electric Loading Apparatus .................................................. 26 
2.2.3  Testing of Temperature Dependence of the Dielectric Constants.............. 26 
2.2.4  Scanning Electron Microscopy (SEM)...................................................... 27 
2.2.5  Transmission Electron Microscopy (TEM) ............................................... 27 















2.2.7  X-Ray Diffraction (XRD).......................................................................... 27 
2.2.8  Raman Spectroscopy System (Raman) ..................................................... 28 
2.3  Experimental Methods, Procedures and Setup............................................... 28 
2.3.1  Crystal Structure ........................................................................................ 28 
2.3.2  Microstructure and Composition............................................................... 28 
2.3.3  Macroscopic Properties ............................................................................. 28  
2.3.4  Observation of Domain Switching by In-Situ XRD.................................. 30 
2.3.5  Observation of Domain Switching by In-Situ Raman............................... 33 
Chapter 3   Experimental Results............................................................. 39 
3.1  Microstructure ................................................................................................... 39 
3.2  Macroscopic Properties..................................................................................... 42 
3.2.1  Ferrolectricity ............................................................................................ 42 
3.2.2  Piezoelectricity .......................................................................................... 45 
3.2.3  Temperature Dependence of the Dielectric Constants .............................. 47 
3.3  Observation of Domain Switching by In-Situ XRD........................................ 47 
3.3.1  Experimental Reproducibility ................................................................... 47 
3.3.2  Determination of the Time under DC Loading.......................................... 49 
3.3.3  In-Situ XRD Observation under the Electric Fields .................................. 50 
3.3.4  Brief Summary .......................................................................................... 62 
3.4  Observation of Domain Switching by In-Situ Raman.................................... 62 
3.4.1  Experimental Reproducibility ................................................................... 63 
3.4.2  Effect of Grain Boundary .......................................................................... 63 
3.4.3  In-Situ Raman Observation during the Periodic Rotation ......................... 64 
3.4.4  Brief Summary .......................................................................................... 82 
Chapter 4   Analysis of Domain Switching by In-Situ Raman............... 83 
4.1  Analysis of Lattice Vibrations for PZT............................................................ 83 
4.2  Raman Intensity for Ferroelectrics.................................................................. 89 
4.2.1  Non-polar Vibration Modes....................................................................... 89 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
